In numerical analyses based on unstructured meshes represented by the finite element method, quadrilateral and hexahedral meshes are used for a two-dimensional and a three-dimensional analyses, respectively, from the viewpoint of calculation accuracy and computation time. However, a method for automatically generating quadrilateral and hexahedral meshes has not been established thus far; in addition, a considerable amount of effort is required to perform manual mesh modifications. Mesh generation based on the frame field method is an effective technique to extract high quality quadrilateral and hexahedral meshes through the optimization of the posture of a frame with rotational symmetry. This method needs to solve a mixed-integer programming (MIP) problem while extracting the quadrilateral and hexahedral mesh using integer grid maps. When solving an MIP using a greedy method, solving a simultaneous equation is required approximately O(M) times, where M is the number of integer constraints. In this study, we propose a method to obtain a quadrilateral mesh by solving a simultaneous equation approximately O(1) times. In this method, the frame field is calculated using finite element discretization, and the finite element mesh is appropriately remeshed to be aligned with the integer grid resulting from the frame field optimization. The proposed method can reduce the amount of computation required to obtain integer grid maps for mesh extraction, without impairing the mesh quality. The proposed method is evaluated with respect to by mesh quality using the aspect ratio and the scaled Jacobian. Numerical examples demonstrate that the mesh quality is comparable to or better than that produced by conventional methods and manual procedures.
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Singularity point Fig. 3 Example of determining a singular point in a region discretized by a mesh. (left: non-singularity region, right: singularity region).
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Schematic representation of poly-square map. If g : M → Ω satisfies with g(p) ∈ G on ∀p ∈ ∂M and detJ g > 0 on ∀p ∈ M, then g is a bijection and its inverse image g −1 (Ω ∩ G) gives a quadrilateral meshing.
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Aligned integer grid maps 16 integer grid u u u integer grid of two normalized vectors a a a i,1 and a a a i,2 , extending from a node i. Fig. 23 Example of a mesh generated in a pentagonal region (left: proposed method, right: conventional method).
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Example of a mesh generated in a ring-shaped region (left: proposed method, right: conventional method). 
